IMPORTANCE Technical proficiency at robotic pancreaticoduodenectomy (RPD) and video assessment are promising tools for understanding postoperative outcomes. Delayed gastric emptying (DGE) remains a major driver of cost and morbidity after pancreaticoduodenectomy. CONCLUSIONS AND RELEVANCE This study examines modifiable technical factors through the use of review of video obtained at the time of operation and suggests ways by which the surgical construction of the gastrojejunal anastomosis during RPD may reduce the incidence of DGE as a framework for prospective quality improvement.
P ancreaticoduodenectomy (PD) is a technically challenging procedure with low perioperative mortality (<3%) at high-volume centers.
1-3 However, postoperative morbidity remains high among patients who undergo PD, with reported rates of 30% to 60%. [4] [5] [6] [7] [8] Delayed gastric emptying (DGE) remains one of the most common causes of postoperative morbidity among patients who undergo PD, with a reported rate of 6% to 57%. 9-14 Before 2007, there was wide variability in the definition of DGE. Consensus criteria set forth in 2007 by the International Study Group of Pancreatic Surgery 12 for DGE standardized the definition in an attempt to study and mitigate this complication. Delayed gastric emptying is not life threatening but can have significant consequences of patient discomfort, prolonged hospital stay, increased hospital cost, readmission 4, 5 and delay in initiation of adjuvant therapy. 15, 16 The pathogenesis of DGE is multifactorial and poorly understood. Delayed gastric emptying most commonly occurs in the presence of other intra-abdominal complications, such as pancreatic leak or intra-abdominal abscess (secondary DGE). [17] [18] [19] [20] [21] Delayed gastric emptying can also occur in the absence of other intraabdominal complications (primary DGE). It has been hypothesized that pyloric denervation, lack of motilin from duodenectomy, loss of pyloric pump, gastric dysrhythmia, and inflammation may be underlying contributing mechanisms for DGE. 18, [22] [23] [24] Patient-related factors such as male sex, smoking history, and estimated blood loss have been shown to be associated with increased incidence of DGE. 19 Currently, there are no modifiable procedure-related factors that have been shown to be associated with decreased or increased incidence of DGE after PD. It has been reported that some configurations of the gastrojejunal (GJ) anastomosis may interfere with food passage. 25, 26 Masui et al 26 used contrast gastroradiography to show that the flow angle at the anastomosis of stomach to jejunum after Roux-en-Y reconstruction after distal gastrectomy correlated with postoperative DGE. The study did not include PD, and the methods required postoperative radiographic studies rather than intraoperative review of technique to obtain the data. Our group has been performing robotic PD (RPD) since 2008 and has established its feasibility, safety, and the learning curve necessary to achieve competence equal to or superior to open PD techniques. 1, 27 The robotic approach, among its other putative advantages, 28-32 allows for video recording of the procedure, which enables postoperative critical review. A study by Birkmeyer et al 33 suggested that technical proficiency is an important factor associated with complications in patients undergoing bariatric surgery. Another study has previously demonstrated that technical scoring of a surgeon's performance by video review for pancreaticojejunostomy was independently associated with outcomes of pancreatic fistulas in pancreatic surgery. 32 However, intraoperative technical factors related to construction of the GJ anastomosis, which can contribute to DGE after PD, have not been systematically studied. The goal of this study was to evaluate whether technical factors observed after RPD using video review retrospectively could be modified to reduce the risk of DGE independent of other patient-related variables. We hypothesized that the study of modifiable technical factors 34 may estimate DGE and may help determine some of the yet unexplained factors that contribute to DGE.
Methods

Patient Selection
The present study was a retrospective review of a clinical database started with all consecutive RPDs performed at the University of Pittsburgh Medical Center beginning October 3, 2008, with video analysis of patients with available intraoperative videos first available after October 2011 (post-learning curve RPD 31 ) through September 27, 2016, to include all patients with a minimum of 90 days of follow-up. 31 The study was approved by the University of Pittsburgh Institutional Review Board (PRO15040497), which waived patient consent because data were deidentified.
Demographic and Clinical Data
Data from a database that contained demographic and clinical (preoperative, intraoperative, and 90 days postoperative) information were collected and analyzed for factors associated with DGE. 
Operative Procedure
There were subtle variations in the GJ anastomosis over time and by surgeon; however, a retromesenteric, antecolic, isoperistaltic GJ anastomosis with the efferent limb medial was typically performed (Figure 1 ). For the robotic-sewn anastomosis, the end of the stomach remnant was sutured to the side
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Question Can assessment of intraoperative video identify modifiable technical factors that prevent postoperative delayed gastric emptying in addition to identifying patient variables that prevent postoperative delayed gastric emptying?
Findings During video review of 192 robotic pancreaticoduodenectomies, the angle of the gastrojejunal anastomosis, gastrostomy size, and surgical device style of gastrojejunal anastomosis were technical variables that were associated with postoperative delayed gastric emptying.
Meaning Video assessment of technical factors is a powerful, yet underused, tool to assess perioperative outcomes, particularly delayed gastric emptying; targeting specific technical factors during surgery can potentially improve postoperative outcomes.
of the jejunum in 2 layers using running 3-0 V-loc sutures (Covidien) for the inner layer and interrupted 3-0 black silk sutures (Covidien) for the seromuscular layers. When a stapled anastomosis was used, the side-to-side GJ anastomosis used either the 45-mm stapler (EndoWrist Stapler 45 Blue Reload; Intuitive Surgical) or 60-mm stapler (EndoGIA, Tri-Staple Purple Reload; Covidien-Medtronic) for the inner layer, followed by common enterotomy closure using running 3-0 V-loc sutures for the inner layer and interrupted 3-0 black silk sutures for the seromuscular layer.
Video Review
All available RPD videos of completed GJ anastomosis with available 90-day postoperative clinical data were analyzed. Videos were reviewed retrospectively and independently by 2 experienced oncologic surgeons (J.P.J. and M.D.) blinded to patient identity, clinical outcome, and identity of the surgeon to minimize bias. The technical variables were added to the preexisting clinical database. Specific technical variables reviewed were GJ anastomosis flow angle to efferent limb (described below), length of the GJ anastomosis, GJ anastomotic method (robotic suture vs stapler), distance from pylorus to the site of gastric division, and time to completion. As part of a 5-step structured robotic curriculum, 36 surgical oncology fellows are required to log the portions of the procedure completed from the console. From this procedure, the variable of "attending vs trainee" was added to the technical database after video review was complete.
Gastrojejunal Measurements
Masui et al 26 had found that the flow angle between the stomach and the efferent limb at the completion of the GJ anastomosis (Roux-en-Y) was the most important factor associated with DGE after distal gastrectomy. Therefore, specific attention was dedicated to this variable. The flow angle between the efferent limb and vertebral line was measured on video review. As the video could not directly visualize the vertebral line, we used the pancreaticojejunostomy suture line as a vertebral line surrogate because they are parallel. As a result, we could measure the angle between the pancreaticojejunostomy suture line (red line) and efferent limb line (blue line) using the vertical vertebral line (green line) to calculate the flow angle (Figure 1 ), similar to the method used by Masui et al.
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The modified flow angle of the GJ anastomosis was categorized into the following 3 groups (Figure 2 ): type I, GJ anastomosis flow angle to efferent limb less than 30°on either side of the pancreaticojejunostomy suture line to vertical; type II, GJ anastomosis flow angle to efferent limb more than 30°to the right; and type III, GJ anastomosis flow angle to efferent limb more than 30°to the left. 26 To estimate the length of the anastomosis, we used the working portion of a robotic scissor, 1 cm, and for the stapled GJ anastomosis, we used the 1-cm markers on the stapler as a ruler.
Statistical Analysis
The distributional characteristics for variables were checked for normalcy. Continuous variable data were presented as means and SD or median and interquartile range. Categorical data were summarized using frequency and percentages. Second, technical variables alone were included in multivariate modeling. The robotic suture technique yielded a significantly lower incidence of DGE (OR, 0.32; 95% CI, 0.12-0.86; P = .02) than the stapled anastomosis. In addition, improved gastric emptying was seen with a longer anastomosis (OR, 0.53; 95% CI, 0.31-0.91; P = .02).
Last, patient and technical variables were both included in multivariate modeling to assess whether technical variables could independently add to modeling of associations with DGE (Table 3) . Statistically meaningful patient variables of DGE continued to be advanced age (OR, 1.11; 95% CI, 1.05-1.16; P < .001), smaller pancreatic duct size (OR, 0.84; 95% CI, 0.72-0.98; P = .03), and pseudoaneurysm (OR, 17.29; 95% CI, 2.34-127.78; P = .005). However, in contrast to when technical variables were analyzed alone, additional variables were associated with DGE when added to patient variables. Type I flow angle incidence of DGE was significantly lower (type I vs type III: OR, 0.25; 95% CI, 0.08-0.79; P = .02). In addition, the greater length of the GJ anastomosis (OR, 0.40; 95% CI, 0.20-0.77; P = .006) and the use of robotic suture technique (OR, 0.30; 95% CI, 0.09-0.95; P = .04) both led to a lower incidence of DGE than did a short anastomosis and the use of the stapler. Furthermore, there was a trend toward a lower incidence of DGE if the attending physician rather than the trainee performed the GJ anastomosis (OR, 0.43; 95% CI, 0.18-1.00; P = .05).
Discussion
In our study, we discovered that intraoperative techniques were associated with DGE and identified specific, modifiable technical factors for future DGE prevention strategies by using video review of RPD. Modifying known patient factors such as age, sex, smoking history, and preoperative comorbidity 19,37 is not feasible; however, targeting intraoperative technical factors offers a unique opportunity to improve outcomes for patients. Our results show that the type I vertical GJ anastomosis flow angle to the efferent limb, greater length of the GJ anastomosis, and robotic-sewn GJ anastomosis were techniques for improving DGE independent from patient-related characteristics. These 3 technical findings are supported by DGE studies in the literature. The GJ anastomosis flow angle to efferent limb, particularly type I, which is similar to vertical between the stomach and jejunum, has been evaluated in other studies as being associated with less DGE. This result has been supported by Sugiyama et al, 25 Masui et al, 26, 38 and Murakami and Yasue, 39 who proposed that the food is easily moved by gravity through the GJ anastomosis in this straightened position, as the stomach might act as a passive conduit into the jejunum owing to gastric atony, which may be present for 2 to 6 weeks after the procedure. [22] [23] [24] [25] [26] 40 In addition, greater length of the GJ anastomosis reduced DGE effectively. The mechanism is not known, but Khan et al 41, 42 commented that a long GJ anastomosis can avoid edema-induced strictures or passage problems. This finding was also supported by Walters et al, 43 who concluded that a long GJ anastomosis (9 cm) closed by double stapling was more effective for reducing DGE than a routinely performed GJ anastomosis (4 cm). Also, the roboticsewn GJ anastomosis decreased DGE on multivariate analysis compared with use of the stapler. Fujita et al 44 also reported that patients had a higher frequency of DGE when the surgeons used a stapler for the GJ anastomosis because the inner mucosal healing occurred in a single phase after suturing in contrast to stapling, which caused a 2-phase healing owing to mucosal defect and epithelial healing over the granulation tissue. Consequently, this group postulated that delayed mucosal healing provoked DGE.
Other comparative technical studies of the GJ anastomoses have reported differences in rates of DGE. These reports indicated that standard PD had a trend toward a lower incidence of DGE than did a pylorus-preserving PD, 45, 46 that an antemesenteric method of jejunal reconstruction for pancreatobiliary limb had a lower risk of DGE than did a retromesenteric method, 18,47 that an antecolic method of the GJ anastomosis decreased postoperative DGE compared with a retrocolic method, 46, [48] [49] [50] that Billroth II reconstruction of the GJ anastomosis decreased DGE compared with a Roux-en-Y and Billroth I reconstruction in meta-analysis, 6, 8, 46 that adding a Braun jejunojejunostomy could also reduce DGE, 46, 51, 52 and that a side-to-side anastomosis of the GJ anastomosis is associated with reducing DGE rather than an end-to-side anastomosis.
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Our basic GJ anastomosis techniques already incorporate many of these components at baseline: GJ anastomoses were performed with standard PD, retromesenteric jejunal reconstruction for pancreatobiliary limb, antecolic method of GJ anastomosis without a Braun jejunojejunostomy, and an end-toside anastomosis of the GJ anastomosis by robotic suturing. Even though our technique incorporated most recommended a Logistic regression (n = 175, P value > χ 2 = 0.0000, R 2 = 0.21).
GJ anastomosis reconstruction methods for improving DGE, the rate was still 21.4%. However, in these studies, all variables were not present, and those evaluated were assessed individually not in multivariate analysis. In addition, as a surrogate for technical skill, our multivariate modeling showed a trend for increased rates of DGE (P = .05) when fellows performed the anastomosis, which shows that increased experience may correlate with decreased DGE. Because technical performance, such as a learning or proficiency curve, has been shown to correlate with the incidence of complications, 33, 55, 56 that incidences of DGE were 14.6% for RPD and 18.6% for laparoscopic PD. Despite these limitations, to our knowledge, this is the first study of technical review using operative video to identify important intraoperative techniques for improving DGE as a framework for prospective quality improvement.
As the next step, we are looking at studies of preoperative gastric emptying for patient variables, as gastric dysrhythmias and gastroparesis 62 at baseline may be a contributing factor to postoperative DGE. Also, we are prospectively changing operative technique by measuring the GJ anastomosis to be 6 cm or greater and the flow angle of the efferent limb to be less than 30°to vertical, and we no longer staple our GJ anastomoses. If all 3 technical parameters are used, assuming a cohort with similar patient variables, it will take 80 potential patients to decrease the incidence of DGE by 50%.
Conclusions
To our knowledge, this is the first study evaluating intraoperative techniques for preventing DGE using video review as a study of modifiable technical factors. In the future, we will perform a prospective study based on flow angle, gastrotomy length, and sutured GJ anastomosis to improve our patient outcomes and be able to compare outcomes after incorporating quality improvement changes in 80 patients. This work is a proof of principle that modifiable technical factors can contribute to perioperative outcomes and that video review is a powerful tool to assess these techniques. in their article in this issue of JAMA Surgery. The first question is whether retrospective video review can be used to identify technical risk factors associated with the construction of a gastrojejunostomy that might contribute to the development of delayed gastric emptying after pancreatoduodenectomy. Despite the challenges of standardization of technique and the limitations of retrospective analysis, the authors have identified the following 3 technical risk factors for delayed gastric emptying: a gastrojejunostomy flow angle of greater than 30°, a shorter gastrotomy, and a sutured anastomosis.
There is also the question of whether the identified technical risk factors can be modified. Surgeons will always be looking to modify their technique to achieve an optimal and consistent gastrojejunostomy. However, there are other technical factors not considered in the study by Jung and colleagues 1 that might be even more important in determining the risk of delayed gastric emptying. These factors include whether the gastrojejunostomy is formed as antecolic or retrocolic, is applied to the anterior or posterior gastric wall, is stationed supracolic or infracolic, uses a Roux limb or a jejunal loop, and whether a Braun enteroenterostomy is formed or not. Then there is the question of whether these technical risk factors are associated with delayed gastric emptying. The stated objective was to "determine if technical variables…are associated with postoperative DGE," and this was found to be so. 1 However, the issue is not so much the ability to estimate the risk, but to reduce that risk in the first place.
The last question is not directly addressed by the study, but is probably the most important. The relative importance of the identified technical risk factors is not known because they are not compared with other technical and nontechnical risk factors for the development of delayed gastric emptying. This question cannot be answered without a formal comparison of all factors, including narcotic-induced gastric ileus, 2 subclinical gastroparesis, 3 and the development of an anastomotic leak, especially subjacent to the gastrojejunostomy.
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More contentious is the effect of early jejunal feeding, which has the potential to induce gastroparesis by the ileal brake reflex. 5 Although still to be proven in humans, there is also the possibility of early retrograde propagation of slow activity across the anastomosis from the jejunum to the stomach, inducing impaired emptying. 
